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ABSTRACT 
This paper introduces two microelectromechanical systems (MEMS) based working data logger 
prototypes and the cloud based data analysis system that were trademarked and patented as Pak-
TrackTM-I and Pak-TrackTM-II. The Pak-TrackTM-I is designed to wirelessly record and report 
information in real time about individually packaged products during transit. The system allows the 
user to immediately view the data with a Global Positioning System (GPS) location via a secured 
website or Android tablet or smart phone. The Pak-TrackTM-II is a standalone device that stores all 
measurements on internal memory without communicating over a network. The cloud based server 
and website analyzes and displays the data collected to further study the effects that transportation 
and handling had on the product and package. The lab obtained data are within expected limits for 
the purpose of validation. Two field tests were conducted, testing the configuration and setup of the 
sensors, real time monitoring, display, and analysis. Finally, the collected vibration data was sent to 
Matlab to generate the PSD chart for validating the FFT algorithm used in the system. 
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1.INTRODUCTION
The packaging and distribution of goods 
is a multi-billion dollar business worldwide. 
During package handling and transportation, 
a significant number of goods are damaged 
by distribution hazards such as tempera-
ture, humidity, shock, and vibration. A good 
understanding of the environment in which 
the goods were shipped is an essential part of 
the packaging evaluation process. One way 
of achieving this aim is to composite the data 
collected in the distribution environment for 
simulation in a package testing laboratory. In 
the past 20 years or more, a great deal of effort 
by packaging engineers was made to measure 
the distribution hazards using environment 
data loggers, which are used as a reference for 
pre-shipment laboratory testing. Electronic 
circuit and battery based loggers such as Saver 
were developed and have been widely used in 
the industry [1]. These self-contained devices 
provided the packaging engineer with a broad 
range of time based measurements that include 
temperature, humidity and 3-axis impact and 
vibration data. The collected data in the time 
domain can be further processed for the use 
of the packaging design. The impact data G- 
value can be converted to drop heights so 
that the engineer can design proper cushion-
ing. Vibration data is useful in power spectral 
density (PSD) format which can be used in 
creating random vibration testing spectrums 
for random vibration tests in the laboratory.
While these units are useful to mount on 
the truck to record the actual vibration level 
and the temperature, it is statistically not confi-
dent to record the impact/shock of the package 
during the handling and transition. The drop 
events are randomly occurring and uncontrol-
lable compared to vibration. It is impossible 
 
 
to install loggers for every package in order 
to catch the drop events due to the cost of the 
loggers. Most loggers record the time when 
the events happened, but not the location. In 
most cases, data collected about the transport 
means and handling hazards on the specially 
designed dummy package system ( for data 
loggers) are not enough. Instead, it is most 
important to understand the impact of the 
product itself or the product’s primary pack-
aging. A large and heavy logger does not serve 
this purpose because the shock event acting 
upon an actual product and the loggers are dif-
ferent in terms of damping.
In the pharmaceutical and medical indus-
tries, goods such as vaccines require an imme-
diate and real time alert when the temperature 
to be controlled is at a range of 2-8 ⁰C [2]. In 
response to the requirements of monitoring 
the individual unit packaging, handling, and 
transportation, sensor based RFID tags are 
developed and used very recently by phar-
maceutical and perishable product producers 
to monitor the temperature and humidity of 
their products [3]. The size of the sensor based 
RFID tag is small, and the cost is much lower 
compared to the environmental data loggers, 
the integration of the sensors into RFID envi-
ronment enable the user to track the informa-
tion of single unit packages with relatively 
lower cost. However, two major limitations 
limit the application of RFID to replace the 
conventional data loggers. A RFID tag needs 
a RFID gate to retrieve the collected data, and 
the vibration acceleration recorded by RFID 
tag cannot provide the actual impact value as 
it only tells the trigged vibration level. 
Rouillard [4] discussed how compression 
of the vehicle vibration data could be used to 
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allow small packets of data to be easily trans-
mitted over a network at regular intervals 
or when requested. Rouillard’s effort could 
have been modified to incorporate a real-time 
GIS operation and be commercialized. Chen 
et al.[5] developed a real time sensor moni-
toring system called ARG-US TransPort, 
which tracks nuclear and radioactive Material 
Packages in Transport. The ARG-US Trans-
Port project integrated an off-the –shelf RFID 
sensor/reader into a vehicle tracking system 
incorporating global positioning system (GPS) 
and satellite communication modules. This 
project records and transmits only tempera-
ture and messages data in real time. 
Rochester Institute of Technology (RIT) 
has developed two type of data loggers based 
on  Microelectromechanical Systems (MEMS) 
that have been trademarked and patented 
as Pak-TrackTM. The first logger is the Real-
Time Monitoring System Pak-TrackTM-I. This 
device functions through the use of a Wireless 
Sensing Network (WSN), Global Positioning 
System (GPS), Cellular Wireless Network, and 
a Cloud Server to track and monitor a product 
during transit. The second logger developed at 
RIT is the Pak-TrackTM-II. The function of this 
device is like most of the data loggers in the 
market but it is developed in a way that is in-
expensive, light and small. Both devices can 
be rigidly attached to the goods, packaging, or 
transport vehicles so that they can record the 
temperatures, humidity, shocks and vibrations 
acting upon them. Both devices also share the 
same platform on the cloud for data analysis 
and display. 
2.MATERIALS AND METHOD
2.1 Description of the System 
The Real-Time Package Tracking and Mon-
itoring System Pak-TrackTM-I was designed to 
wirelessly record and report distribution hazards 
about individual packages during transit, and for 
the user to immediately view the data(figure 1). 
Data is acquired through the use of three types of 
devices; an endpoint, a router, and a coordinator. 
The endpoint device is designed to be as small 
as possible so that it can be attached to each indi-
vidual package.  The endpoint device is equipped 
with multiple sensors allowing it record temper-
ature, humidity, shock, and vibration.  The router 
device’s purpose is to route the wirelessly trans-
mitted data from the endpoint devices to the 
coordinator in the event an endpoint device is 
too far away, or can otherwise not communicate 
directly with the coordinator. The coordinator 
collects the transmissions from all of the other 
devices, and sends the accumulated data to a 
tablet to be stored or uploaded to the server.  The 
coordinator is also responsible for issuing user 
commands to the other devices such as setting a 
critical temperature threshold or how often data 
from each sensor is sampled. The server also has 
an email notification system built into it. It is able 
to notify users via email using Amazon Simple 
Email Services if a package exceeds a particu-
lar threshold. The coordinator also has a security 
digital (SD) card that acts as temporary storage 
to store the data to be transmitted. 
Figure 1. Pak-TrackTM-I Multi-tier High Level 
Architecture Framework
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The Pak-TrackTM-II device is designed to be 
a standalone cost effective device that does not 
communicate over a network but rather stores 
all sensor information on internal memory. 
The Pak-TrackTM-II is able to record tempera-
ture, humidity, vibration, and shock informa-
tion, storing the data to be recovered upon 
arrival.
The data can be accessed by connecting a 
standard USB cable and using a simple appli-
cation that will extract and upload the saved 
data.  Once uploaded, the data can be viewed 
and analyzed in the same fashion as the data 
captured in the Real-Time Tracking System. 
The client software collects the data from the 
Pak-TrackTM-II and sends the data to the server 
for further processing and permanent storage. 
This way, the Pak-TrackTM-II can be reused 
with other packages. 
Both devices share the same state-of-
the-art technologies. A photograph of the 
PCB is illustrated in the Figure 3. The dif-
ference between the two devices is that the 
Pak-TrackTM-I is equipped with a radio on the 
board and does not have large data storage, 
whereas the Pak-TrackTM-II has large data 
storage, but no radio. The PCB board is only 
slightly larger than a quarter dollar and it is 
powered with a rechargeable battery that is 
underneath the PCB board in the picture. Both 
Pak-TrackTM-I and Pak-TrackTM-II have a Micro 
USB connector that is used for charging the 
battery, configuring the sensor, and uploading 
collected data in the case of the Pak-TrackTM-II.
2.2 Specifications 
2.3 Validation and Field Test
For the validation and field tests, the speci-
fications were set using the PC and Mac appli-
cation.  Threshold levels were set for temper-
ature, humidity, vibration, shock, light and 
atmosphere pressure so that when reached, the 
event would be recorded, allowing the user to 
easily modify exactly what type of informa-
tion they wish to receive.  The devices can also 
be programed for how often data is sampled, 
so even when there is no important event, they 
Figure 2. Pak-TrackTM-II Architecture
Figure 3. The PCB Board and the Recharge-
able Battery  (a); the Enclosed Pak-Track-I 
and II  Device(b)
(a) (b)
Figure 4 Overall dimensions of the Pak-
Track (Measurements shown are in millime-
ters (mm))
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Table 1 The specification of the Pak-Track-I and II
                                                      Temperature
Measurement Range -40 °C – 85 °C
Accuracy ±0.4 °C
Resolution 14 bit
Measurement Interval 0 s to 65535 s
Trigger Events Interval, High Threshold, Low Threshold
                                                          Humidity
Measurement Range 0 %RH to 100 %RH
Accuracy ±3 %RH
Resolution 12 bit
Measurement Interval 0 s to 65535 s
Trigger Events Interval, High Threshold, Low Threshold
                                                         Vibration
Measurement Range ±16 G
Accuracy ±0.03125 G
Resolution 8 bit
Measurement Interval 0 s to 65535 s
Trigger Events Interval, RMS Threshold
Sampling Rate 1600 Hz
Sample Size 2048 Bytes
Frequency Range 1 Hz to 3200 Hz
                                                             Shock 




Trigger Events Free-Fall and Instantaneous
Sampling Rate 1600 Hz
Sample Size 1024 Bytes
Frequency Range 1 Hz to 3200 Hz
                                                              Light
Measurement Range 0 lux to 34197 lux
Accuracy ±0.5218 lux
Resolution 16 bit
MEMS Based Tracking Devices            61 
can monitor the status of the package for its 
entire journey. With the specifications set up, 
vibration and impact tests were carried out in 
the lab for validation purposes.
2.3.1 Effective Broadcasting Range Test 
Each device has its own effective broad-
casting range. The data can only be collected 
with distances. Figure 5 illustrated the experi-
ment set up in a 40 foot  truck container.
In order to assess if the common packag-
ing materials will effect the transmission for 
Pak-Track-I, different packaging materials 
were used to cover the devices. They are foam 
container, corrugated board, metal sheet, glass 
and rigid plastic container(Fig.6).
2.3.2 Validation of  temperature and 
humidity measurement
Five Pak-Track devices were placed in the 
programmable chamber, and a temperature and 
humidity meter was placed next to the devices.
2.3.3 Shock and Vibration Validation
The impact test was carried out using a 
drop tester (Lansmont, IL). A Pak-TrackTM-I 
and a test accelerometer were placed next to 
each other on a wooden box enclosed in a cor-
rugated box. The data collected by the test 
accelerometer was channeled into TestPart-
ner software (Lansmont, IL) for obtaining the 
Figure 5 Effective Broadcasting Range Test
Measurement Interval 0 s to 65535 s
Trigger Events Interval, High Threshold, Low Threshold
                                                             Pressure
Measurement Range 20 kPa to 110 kPa
Accuracy ±0.25 kPa
Resolution 20 bit
Measurement Interval 0 s to 65535 s
Trigger Events Interval, High Threshold, Change Over Time
Figure 6  Different packaging materials for 
testing
Figure 7 Validation of  temperature and humidity 
measurement
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peak acceleration G and the shock duration as 
well as velocity change during impact, which 
were then compared to the G-values collected 
by the data acquired by the Pak-TrackTM-I. The 
random vibration test was based on the ISTA 
steel spring truck spectrum. The Pak-TrackTM-
I was fastened on the vibration table and the 
collected data was channeled wirelessly to 
the system’s server so that the recorded RMS 
value of the vibration table’s RMS value could 
be compared.
Two field tests were conducted. The Pak-
TrackTM-I device was placed on a moving truck 
that traveled from Rochester, NY to Western 
Massachusetts for testing the real time mon-
itoring. In addition, the trip also served the 
purpose of testing the penetration level of the 
endpoint devices in an enclosed truck con-
tainer, as well as the transmissibility over 
a network and whether the location of the 
moving truck can be displayed simultaneously. 
As designed, the user should be able to view a 
Google map showing all of the locations where 
sensor data was recorded. Another field test 
was to test the function of Pak-TrackTM-II. The 
trip went from Rochester, NY to East Lansing, 
Michigan via FedEx services as small parcel 
package. 
3. RESULTS  AND DISCUSSION
3.1 Effective Broadcasting Range Test
The effective range data was summarized 
in table 2. The effective broadcasting range 
with blocking materials (Plastic sheet, cor-
rugated board, foam, wood, glass and metal 
sheet) is 70 meters.
Blocking
Material
 Effective Broadcasting Range (m)
10 20 30 40 50 60 70
None Active Active Active Active Active Active Active
Plastic Sheet Active Active Active Active Active Active Active
Corrugated Board Active Active Active Active Active Active Active
Foam Active Active Active Active Active Active Active
Wood Active Active Active Active Active Active Active
Glass Active Active Active Active Active Active Active
Metal sheet Active Active Active Active Active Active Active
Table 2 Measured effective range 
Figure 8 Mapping of the signal strength in 
effective broadcasting range test
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The filed measurement also mapped the 
signal strength between the coordinator and 
sensors in different locations in the truck con-
tainer. 
3.2 Temperature and humidity measure-
ment
Table 3 showed the comparison between 
the Pak-Trac and thermometer measured tem-
perature.  It appears that the higher the temper-







Measured Temperature  ℉
#1 #2 #3 #4 #5
1.76 N/A -0.508 -0.4 -0.4 -1.228 -2.2
15.98 90% 13.892 14 14.18 14 14
32.9 81% 30.272 30.236 32.036 31.208 32
50.72 75.0% 48.704 48.56 50 50 50
67.28 60.0% 66.2 65.768 66.2 66.2 66.2
84.92 55.0% 84.2 84.2 84.2 84.2 84.202
102.56 50.0% 102.2 102.2 102.204 102.2 102.2
120.38 45.0% 120.2 120.2 120.2 120.202 120.2
138.31 35.0% 138.2 138.2 137.984 138.2 138.164





#1 #2 #3 #4 #5
59.6 14.7% -0.7 -1.78 1.54 0.6 10.58
59.7 24.8% 10.7 9 12.18 12 20.06
59.2 32.3% 21.34 20 22.98 23 33
34.7 45.2% 42.76 41.96 43.48 43.44 52.4
35 54.3% 51.64 51 52 53 64.46
34.9 63.5% 60.84 59.56 61 63.98 75
34.9 71.3% 69.46 67.04 68 74 84
29.6 78.6% 80.06 77.16 78.02 86.28 94.08
29.6 82.9% N/A N/A N/A N/A N/A
Table 4 Measured humidity values
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3.3 Shock and Vibration
The vibration test profile used for the val-
idation test was the ISTA steel spring truck 
spectrum with an average RMS value of 
0.542G. A total of 110 sampling were collected 
by Pak-TrackTM-I during the vibration test, 
each sampling consists of 1024 data points. 
The data was transmitted wirelessly to the 
server in the cloud. The average RMS value of 
the110 sampling  recorded by the Pak-TrackTM-
I was 0.587G which is close to the vibration 
table value when considering the effect of the 
PCB structure.  Table 2 shows the compared 
results between the G-values collected by a 
test accelerometer and the Pak-TrackTM-I using 
the Lansmont drop tester with a 24 inch drop 
height. The C1,2,3,4,5 in Table 5 represent 
accelerometers connected to Lansmont test 
partner. S1,2,3,4,5 represent five different Pak-
TrackTM-I devices. These two-group sensors 
return different results well within the range 
of interest for validation purposes.
3.4 Field Test Results
There are many logs and graphics col-
lected from the two field tests. The display on 
the website for both trips are similar with the 
only difference between the two being that 
Pak-TrackTM-I has real time data and the data 
for Pak-TrackTM-II was pushed to the server 
when the trip was completed. The screenshots 
displayed in this paper are a combined selec-
tion.
Temperature graph of the Pak-TrackTM-II
Humidity graph of the Pak-TrackTM-II
The shock events collected by the Pak-
TrackTM-II
The drop height versus Instantaneous 
shock-II
The vibration logs in real time by Pak-
TrackTM-I
The vibration graph in real time by Pak-
TrackTM-I





Axis Sensor 1 Sensor 2 Sensor 3 Sensor 4 Sensor 5
C1 S1 C2 S2 C3 S3 C4 S4 C5 S5
Z-face X 45.48 17.19 31.89 9.38 33.58 12.50 35.64 10.94 36.01 10.94 
Y 26.71 54.69 28.03 35.94 20.20 34.38 24.81 40.63 20.91 37.50 
Z 58.14 65.63 57.78 54.69 56.18 42.19 57.65 46.88 55.43 46.88 
RMS 78.50 87.14 71.70 66.11 68.50 55.84 72.18 62.99 69.33 61.02 
Y/Z –
edge
X 31.31 26.56 43.67 35.94 49.52 39.06 50.21 46.88 54.30 46.88 
Y 26.32 28.13 37.40 42.19 40.51 42.19 40.66 40.63 40.26 46.88 
Z 7.84 7.81 8.65 10.94 7.77 6.25 8.32 7.81 14.61 7.81 
RMS 41.65 39.47 58.14 56.49 64.45 57.83 65.14 62.52 69.16 66.75 
X/Y/Z-
Corner
X 42.15 40.63 69.41 67.19 74.70 71.88 79.29 76.56 80.12 79.69 
Y 34.70 43.75 51.14 59.38 48.35 62.50 50.94 65.63 52.70 65.63 
Z 29.67 31.25 48.55 43.75 51.03 46.88 55.69 53.13 56.74 56.25 
RMS 62.14 67.39 98.95 99.77 102.58 106.16 109.47 113.98 111.43 117.57 
Table 5. G-Value Comparison between a Test Accelerometer and the Pak-TrackTM Device
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PSD chart for the collected vibration data 
by Pak-TrackTM-I
Light and atmosphere pressure collected 
by Pak-TrackTM-I
Consolidated PSD spectrum calculated by 
Pak-TrackTM-I
Figures 9 through 11 display sample data 
collected by the Pak-TrackTM-II during the 
FedEx shipment. Figures 9 through 6 show the 
temperature and humidity graphs. In Figure 
11, a significant impact was recorded during 
transit.  
Figures 13 through 15 illustrate the real 
time tracking of the moving truck. Figure 13 
displays the real time vibration data where the 
first column states the date and time of when 
the events occurred.  The sampling rate was 
set for every 30 seconds. The second column 
in the screenshot indicates the location of the 
moving truck, showing the latitude and lon-
gitude values.  The third column shows the 
maximum 3-axis G-value recorded by the 
vibration sensor for that sampling event.  The 
Z-direction represents the vertical vibration. 
The fourth column consists of two buttons for 
user to choose the time domain graph or PSD 
function.  Figure 14 shows the graphs featur-
ing same data as the Figure 8. Figure 16 is a 
comparison in PSD between a Matlab FFT 
and PSD calculated based on the algorithm in 
the server. The two curves are identical.
Figure 9. Screenshot of Temperature Graph 
Recorded in FedEx Carrier Shipment
Figure 10. Screenshot of Humidity 
Graph Recorded in FedEx Carrier Shipment
Figure 11. Screenshot of Shock Data 
Recorded in FedEx Carrier Shipment
Figure 12  Drop height versus Instantaneous Shock
Figure 13. Screenshot of Vibration Data Recorded in 
a Moving Truck.
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Figure 11 illustrates what a Google Map, based 
on the latitude and longitude of where the vibration 
events happened, looks like.
4. CONCLUSION
This study introduced two data loggers and 
their data analysis system based on state-of-the 
art technologies. The high level architecture and 
system structure were explained. The valida-
tion and field tests showed reasonable, reliable 
results and both devices have performed well as 
originally designed. Pak-TrackTM-I is suitable for 
the application of dangerous goods, cold chain 
and other areas where GPS location and real 
time alerts are necessary. The Pak-TrackTM-II 
can be attached to individual products to record 
important information when the product is in 
distribution and transit. The Pak-TrackTM–I and 
II demonstrated the potential to be alternative 
and cost effective solutions to the loggers on the 
market. Future works will involve developing a 
variety of Pak-TrackTM devices that have differ-
ent applications (sensors) for different industry 
sectors. 
Figure 14. Screenshot of 3-Axis Vibration Data
Figure 15. Screenshot of the Moving Truck on 
Google Maps
Figure 16. Screenshot of PSD for the Data in 
Figure 8 and the PSD Chart from Matlab
Figure 17 Light and pressure data collected
Figure 18 Consolidated PSD spectrum
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